of a few years in a cyclic fashion.
The extremely short spin periods shown by the ∼ 300 known rotation-powered radio millisecond pulsars of the Galaxy is explained in terms of a previous evolutionary phase, in which the neutron star increases its rotation rate through the accretion of the matter transferred by a low mass ( < ∼ 1-2M ) companion star through a disc 3, 4 . During such an accretion phase the system is X-ray bright, and the presence of plasma close to the neutron star quenches the radio pulses.
When the mass transfer from the companion star decreases, the system cannot keep the viscous disc permanently in a high accretion state 7 , and enhanced mass accretion with a conspicuous Xray emission (L X ≈ 10 36 erg s −1 ) proceeds only during a few month-long periods called outbursts. Outside outbursts these sources spend long periods of time (∼ years) in an X-ray quiescent state (L X < ∼ 10 33 erg s −1 ). It was proposed that when the pressure of the transferred matter decreases, the pulsar wind may reactivate a rotation-powered, possibly pulsed activity 8, 9 . Rotation and accretion-powered pulsar states would then alternate on the time scales set of the observed cycles between X-ray outbursts and quiescence. On the other hand, when the mass transfer from the companion star ceases altogether, the cycle between X-ray outbursts and quiescence ends, and the system then shines permanently as a recycled radio millisecond pulsar.
The detection of millisecond X-ray pulsations from accreting neutron stars orbiting a low mass star 5, 10 demonstrated that the accretion of mass in an X-ray binary is able to spin-up a neutron star to a millisecond spin period. A modulation of the X-ray emission is produced when the accreting material lost by the companion star is pulled-up from the accretion disk by the neu-tron star magnetic field, and channelled toward the magnetic poles before being accreted onto the surface. A dozen of accreting millisecond X-ray pulsars has been discovered by now, transients alternating between X-ray outbursts and quiescence. The amount of optical light reprocessed by the companion star 9 , as well as the spin and orbital evolution of these neutron stars [11] [12] [13] [14] , indirectly suggest the re-ignition of the radio pulsar during the X-ray quiescence, but deep searches for radio pulsations were unfruitful, so far 15 .
The X-ray transient IGR J18245-2452 was first detected by INTEGRAL on 2013, March 28. It is located in the globular cluster M28, at a distance 16 of 5.5 kpc. The X-ray luminosity of a few×10 36 erg s −1 (0.3-10 keV), and the detection by the X-ray Telescope on-board Swift of a burst originated by a thermonuclear explosion at the surface of the compact object 17 , firmly classified this source as an accreting neutron star in an X-ray binary. Seven days after the discovery of IGR J18245-2452, we detected a coherent modulation at a period of 3.93185 ms during an XMMNewton Target of Opportunity observation (see Fig. 1 for the light curve). The signal has an almost sinusoidal profile with a peak-to-peak amplitude of ∼ 15 per cent (see the inset of Fig. 2 ), translating into a detection with a significance of more than 80σ. We observed delays of the pulse arrival times produced by the circular orbit of the neutron star around a companion star of a mass larger than 0.17 M , with an orbital period of 11.0 hours. The spin and orbital parameters of the source were further improved by making use of a second XMM-Newton observation (see Fig. 2 ), yielding the ephemerides given in Table 1 .
By looking at the list of the radio rotation powered pulsars detected 18 in M28, we found that PSR J1824-2452I has identical ephemerides to those of IGR J18245-2452. Given the accuracy of the measured parameters we concluded that they are the same source. However, the X-ray pulsations we have observed from IGR J18245-2452 are unambiguously powered by mass accretion.
In particular, the pulse amplitude varies in strong correlation with the X-ray flux, implying that pulsations come from a source emitting ≈ 10 36 erg s −1 in X-rays; this value is larger by more than two orders of magnitudes than the luminosity shown by the X-ray counterparts of rotation-powered radio millisecond pulsars 19 , while it nicely agrees with the X-ray output of accreting millisecond pulsars. The spectrum of the X-ray emission of the source is typical of accreting millisecond pulsars, and the broad emission line observed at an energy compatible with the iron K-α transition (6.4-6.97 keV) is most easily interpreted in terms of reflection of hard X-rays by the truncated accretion disk 20 . Furthermore, the pulse is also detected by Swift-XRT during the decay of a thermonuclear burst, following a runaway nuclear burning of light nuclei accreted onto the neutron star surface. Such bursts are unambiguous indicators that mass accretion is taking place, and the periodic oscillations observed in some of them trace the spin of the accreting neutron star 21 .
We derived an accurate position for IGR J18245-2452 using a Chandra image taken on 2013, April 29, while the source was still in outburst (see Fig. 3 ). Its position is compatible with a variable radio source that we have detected with the Australia Compact Telescope Array on 2013, April 5 at frequencies above 5.5 GHz, with spectral properties typical of an accreting millisecond pulsar in outburst 22 . The radio millisecond pulsar was not detected by observations performed simultaneously to the 2013 Chandra observation and at lower radio frequencies, by the 64-m Parkes radio telescope, and a few days later by the Westerbork Syntheis Radio Telescope, compatible with the neutron star being in an accretion phase. Furthermore, analysis of archival Chandra observations indicated that IGR J18245-2452 underwent other accretion events in the past ten years.
On the other hand, the pulsed radio emission detected 23 from PSR J1824-2452I in 2006 with the Green Bank Telescope rules out the possibility that this source was accreting at that time, as the presence of accreting material quenches a pulsed radio signal. The radio observations in 2006 indicated that PSR J1824-2452I was surrounded by conspicuous material, causing the irregular disappearing of the radio signal from this object and leading to a poorly determined source position 19 .
During 2006, the X-ray luminosity of IGR J18245-2452 observed by Chandra was ≈ 10 32 erg s −1 , a level typical of X-ray counterparts of rotation powered, radio millisecond pulsars 19 and of accreting millisecond pulsars during X-ray quiescence 24 .
This system provides the conclusive evidence of the evolutionary link between neutron stars in low mass X-ray binaries and millisecond radio pulsars, and establish the existence of an intermediate evolutionary phase during which rotation and accretion powered states alternate over a time scale of a few years. The discovery of accreting millisecond pulsars 5 proved that accretion can spin-up a neutron star to a period of few millisecond. The past presence of a disk (though, not in an accreting phase) around a millisecond pulsar now powered by rotation 6 , gave an indirect indication of a transition from an accretion to a rotation powered state, in the expected evolutionary direction. IGR J18245-2452 is the first system to show at different times unambiguous tracers of rotation and accretion powered activity, and to show transitions in both directions. These swings take place on a time scale much shorter than the Gyr-long evolution of these binary systems 25 . The companion star of IGR J18245-2452 has a mass compatible with a main sequence star. It is indeed most likely that this intermediate evolutionary phase is observed in systems that have not reached the endpoint of the accretion phase yet 6, 26 .
The X-ray luminosity of IGR J18245-2452 during quiescence (L X ≈ 10 32 erg s −1 ) implies that rate of mass in-fall was not larger thanṀ < ∼ 10 −14 M yr −1 , during such state. The presence of radio millisecond pulsation during the X-ray quiescent state of IGR J18245-2452 testifies that the pressure exerted by the mass transferred by the companion star could not prevent the pulsar magnetosphere from pushing the plasma beyond the light cylinder of the pulsar (located at a distance of ≈200 km). A pulsar magnetic field of the order of 10 8 -10 9 G is able to satisfy this condition, and to explain the quiescent X-ray luminosity in terms of the pulsar rotational power (for a typical conversion efficiency of about 1-10 per cent). In this radio-active stage, the mass that the companion star keeps transferring towards the neutron star is ejected by the pressure of the pulsar wind 27 , determining the observed, irregular disappearance of the radio signal. A slight increase of the mass transfer rate may subsequently push the magnetosphere back within the light cylinder 28 .
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